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Introducticn

The objectives of the overall project are (1) to develop non-
sporicidal methods for solvent degradation of cured polymeric resins
that are used in spacecraft, and (2) to determine whether reaction
conditions during resin cure cause decoantamination of the component
that is being fabricated. The previous reports described (1) the
application of solubility parameter methods to the degradation of amine
cured epoxy z'esins.1 (2) the solubilization of cured silicone resins in
amine soivem:s,z (3) spore viability studies on exposure to amine
solvents, which demonstrated that reduced viability reflected a sporo-
static effect which could be eliminated by removing the amine solvent
during the plating processz or by utilizing higher dilution techniques,®
and (4) recovery studies on a silicone potting compound (RTV 41) that
is used in spacecraft, which demonstrated that (a) spores remain
viable during chemical cure of this potting compound, and {b) greater
than 90 7% of the spore population is recoverable by amine dissolution
and proper plating techniques.a Thus, the results to date directly relate
to our objectives. That is, we have developed a nonsporocidal method
with which high spore recoveries are achievable from silicone coatings
and potting compounds, and (2) we have demonstrated that spores
remain viable during cure of a silicone potting compound. The present
report describes an extension of these studiés to silicone potting com-

pound RTV 60, as well as our attempts to provide a sound statistical



basis for the results by extensive sampling. In addition, we report the
results of our studies on viscosity changes following amine solubilization
of various silicones, as well as cross-linking density changes following
evaporation of amine solvents. Such studies have provided both
mechanistic and practical information about the amine solubilization
phenomenon.
Results and Discussion

As noted in the previous report, extension of the viability studies
to cured silicone potting compounds required the use of an organic
solvent for dilution. The cured silicone rubber was dissolved in n-butyl-
amine and recovery was determined by the plate counting technique with
series dilution in benzene. Of course, it was not possible to dilute the
butylamine-silicone rubber solution with water because the gilicone
precipitated. Benzene was selected because it has been reported to be
less toxic to spores than many other organic solvents® and because it
is a good solvent for the silicone rubbers. The use of beinzene for series
dilution necessitated control experiments in the absence of silicone
rubber or curing agents. The resulis of spore viability studies on
(1) exposure to n-butylamine followed by dilution with water or benzene,
(2) exposure to water followed by dilution with water, and (3) exposure
to benzene followed by dilution with benzene are presented in Table 1.
The data is plotted in Figure 1 as log of mean spore counts versus days

of exposure. The numbers in the table and the points on the graph



represent the mean of colony rounts from 29 plates, derived from 4
duplicates of 5 samples. The most salient feature is the surprigingly
high and stable recovery on exposure to n-butylamine followed by
dilution with benzene. These results are currently uider investigation
both at NDSU and the University of Minnesota under Dr. Pflug's
direction.

The results of studies on spore recovery from inecculated silicone
potting compound RTV 60 following curing, dissoivtion in n-butylamine,
and series dilution with benzene are presented in Table II. As previously
determined for RTV 41, the data illustrate that (1) decortamination does
not occur on curing, and (2) the method is effective for spore recovery.

The results of viscosity studies on n-butylamine solutions of silicone
oil {DC 200), silicone prepolymer (DC 840), and cured silicone polymer
(cured DC 840) are provided in Figure II. Only in the case of the cured
DC 840 solution doeg a substantial decrease in viscosity occur with time
which levels off at the viscosity of the prepolymer. These results
indicate that the cured resin is degraded and suggest that cleavage occurs
primarily at the centers at which cross-linkiag takes place in the curing
process. Based on the mechanism for amine solubilization presented
in an earlier report (see p.8, scheme IX of ref. 2), it was anticipated that
a significant number of these cross-linking sites would reform on
evaporation of the amine solvent. In support of this hypothesis, it was

determined by extraction techniques that 70 %> of the original cross-linked



sites were regencrated when the amine was removed under vacuum at
room temperature. These findings have suggested sxciting new
possibilities for {1) the recovery of silicone mcids and, (2) the silicone
coating of heat-sensitive materials. A report describing these findings
bas been submitted for patent consideration to the appropriate NASA

office (Mr. J. Warden, Code GP).
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Tablo T lo. of colony counts of Dacilhis subbilis spores after cuposure

to usolvents and diluents for varying periods of dnyu.

“iil'dx::o:;cd to g—butyi:min". & diluted| xrosed to 1Zaosed to
‘ with Wabar M dll. Benzene M dil.
Henseone Water trith viater srith Benzene
0 20540 . 9},20 Ui7.17 12,083
( 2.3118)" (1.971h) (2.1379) (1.1082)
1 251.95 L5.30 8L, 50 10,33 |
{2.4010) (1.6561) - (1.9269) (1.0139)
"2 252 1o 15,20 69.75 12.50
(2.1,021) (1.6551) (L.7336) (1.0969)
3 252,10 3145 50,75 G.53
(2.h021) (Le1s976) (1.6996) (0.7041)
b 217475 23455 37.83 3405
(2.3375) (1.3738) (1.5777) (0.L535)
5 202,25 32,05
' {2.30060Q) (1.5053)
6 213.10 : 13,352
(2.3238) - (1.1399)
7 193,15 10.95
(2.2860) (1.0039)

# Means of the No. of colony counted from 20 plates (five sawsles, each

sarmle has four. dublicate)

s=xCommon logarithm of the means of the number ol colony counted
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Table II Colony Counts Obtained from n-Butylamine Solution of Incculated

Silicono Potting Compound, RTV 60, Using Series Dilution in

Benzcne; Dilution Factor = 100 ’

Doocriment

Huaber ' Time* fumber of Colonics \

. Averoge

I 0 230 290 206 27 235,5
| 1 327 283 259 283 281.3

2 20 277 2ls | 251 25943

3 236 268 248 261 253,

Lo 267 27k 25L 2L3 25045

7 2ls 256 238 2%l 2L7.5

10 276 2L5 221 2h2 246.0

1T 0 280 281 276 310 286,5
1. 271 265 281 288 2720

2 - 207 28h 276 310 239.3

3 292 287 201 23) 275.5

L 269 236 263 2L6 | 263.0

7 - 2u6 255 231 258 b7k

10 b7 257 251 258 © 253.3

ITI {control) O to 10. no colony was observed

¥ days
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Figurc 11 Variation In Viscosity with Time for a Silicone 0il, a Silicone
Prepolymer (DC840), and a Cured Silicone Resin (cured DC840)
in n-Butylaminc Solution. Cannon Viscometer, 50-1711 at 45°C.

—O—0— Silicone oil (dimethylpoly siloxane Lot No. AA5421
Dow Corning 200 fluid) 50% by volume in
n-butylamine '

~A4—4— DCB840, prepolymer in n-butylamine (78.50 g/1)

DC 840, cured in n-butylamine (78.50 g/1)
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Introducticn

The objectives of the o‘.rera.}.i project are (1) to develop non-
sporicidal methods for solvent degradation of cured polymeric resins
that are used in spacecraft, and (2) to determine ‘whether reaction
conditions during resin cure cause decontamination of the component
that is being fabricated. The previous reports described (1) the
application of solubility parameter methods to the degradation of amine
cured epoxy J:esli.ns.1 (2) the solubilization of cured silicone resins in
amine sol.*:.area:ﬂ:s,z (3) spore viability studies on exposure to amine
solvents, which demonstrated that reduced viability reflected a sporo-
static effect which could be eliminated by removing the amine solvent
during the plating prm::essz or by utilizing higher dilution techniques,?
and (4) recovery studies on a silicone potting compound (RTV 41) that
ie used in gpacecraft, which demonstrated that (a) spores remain
viable during chemical cure of this potting compound, and (b) greater
than 907% of the spore population is recoverable by amine dissolution
and proper plating te::hn:'u:_luqe:.-;:.s Thus, the resulis to date directly relate
to our objectives. That is, we have developed a nonsporocidal method
with which high spore recoveries are achievable from silicone coatings
and potting compounds, and (2) we have demonstrated that spores
remain viable during cure of a silicone potting compound. The present
report describes an extension of these studies to silicone potting com-

pound RTV 60, as well as our attempts to provide a sound statistical
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bagis for the results by extensive sampling. In addition, we report the
results of our studies on viecosity changes following amine solubilization
of varicus silicones, as well as cross-linking density changes following
evaporation of amine solvents. Such studies have provided both
mechanistic and practical information about the amine solubilization
phenomenon.
Results and Discussion

As noted in the previous report, extension of the viability studies
to cured silicone potting compounds required the use of an organic
solvent for dilution. The cured silicone rubber was dissolved in n-butyl-
amine and recovery was determined by the plate counting technique with
series dilution in benzene. Of course, it was not possible to dilute the
butylamine-silicone rubber solution with water because the silicone
precipitated. Benzene was selected because it has been reported to be
less toxic to spores than many other organic solvents® and because it
is a good solvent for the silicone rubbers. The use of beazene for series
dilution necessitated control experiments in the absence of silicone
rubber or curing agents. The resulis of spore viability studies on
(1) exposure to n-butylamine followed by dilution with water or benzene,
(2) exposure to water followed by dilution with water, and (3) exposure
to benzene followed by dilution with benzene are presented in Table 1.
The data is plotted in Figure | as log of mean spore counts yersus days

of exposure. The numbers in the table and the points on the graph



represent the mean of colony counts from 29 plates, derived from 4
duplicates of 5 samples. The most salient feature is the surprisingly
high and stable recovery on exposure to n-butylamine followed by
dilution with benzene. These results are currentiy uider investigation
both at NDSU and the University of Minnesota under Dr. Pflug's
direction.

The results of studies on spore recovery fromn incculated silicone
potting compound RTV 60 following curing., dissolution in n-butylamine,
and series dilution with benzene are presented in Table II. As previously
determined for RTV 41, the data illustrate that (1) decortamination does
not occur on curing, and (2) the method is effective for spore recovery.

The results of viscosity studies on n-butylamine solutions of silicone
oil {(DC 200), silicone prepolymer (DC 840), and cured silicone polymer
{cured DC 840) are provided in Figure II. Only in the case of the cured
DC 840 solution does a substantial decrease in viscosity occur with time
which levels off at the viscosity of the prepolymer. These results
indicate that the cured resin is degraded and suggest that cleavage occurs
primarily at the centers at which cross-linkiag takes place in the curing
process. Based onthe mechanism for amine solubilization prezented
in an earlier report (see p.8, scheme Il of ref.2), it was anticipated that
a significant number of these cross-linking sites would reform on
evaporation of the amine solvent. In support of this hypothesis, it was

determined by extraction techniques that 70% of the original cross-linked



sites were regencrated when the amine was removed under vacuum at
room temperature. These findings have suggested =xciting new
possibilities for (1) the recovery of silicone mcids and, (2) the silicone
coating of heat-sensitive materials. A report describing these findings
has been submitted for patent consideration to the appropriate NASA

office (Mr. J. Warden, Code GP).
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Table T lo. of colony counts of Nacilbis subtilis spores aftor exmosurc

to golvents and diluents for varying periods of days.

8. . .
I':gn%.ixaoacd to p~-butylomine & diluted| vrosed to

2-\:133 Warroned to
“n with Wntor M~ dll., Denzeone ™ dil,
Days ™Mlenzone Water with vinter srith Henzene
0 05,0 94,20 7,17 12.83
( 2.3118)" (1.9714) (2,1579) (1.1082)
1 © 251,95 L5.30 34,50 13.33
(2.1,010) (1.6561)  {1.9269) {1.0139)
‘2 252,10 1i5.20 63475 12,50
(2.h021) (1.6551) 1,7336) {1.0969)
3 252,0L0 3105 50,75 Gel3
(20220 (L,h976) (1.6995) (0.T0L1)
b 217.75 23405 37.83 3.07
(2.3375) (1.3738) (L.5777) (0.L338)
S 202,25 32,05
(2.30060) (1.5058)
6 213.10 13,55
(2.3233) (1.1399)
7 193,15 10.95
(2.2860) (1.003%)

# Means of the No., of colony counted from 20 plates (five samnles, each

sarwle has four dublicate)

s#:Common logarithm of the means of the number of colony counted



.|..w

SE g el fnienhead |4

4

[/
éTER

T R P etmer et Wi Ay

0 AT

mrm e e Ym e T T

Cerewsy AT

1 =] : T
rEnmm T

7 2
ES TO CENTIM

st Db

PR —— 01

”Hh.fﬂ.”.n.l.- z

P el P e e o st sy

gQUAR

ey iy

-
[

y i

5

2

CHAMIGH LINE NO. G41 - SCIENCE - 10

o

g,

. Days of Txoosure to various solvents



Table II . Colony Counts Obtained from n-Butylamine Solution of Inoculated

Silicono Potting Compound, RIV 60, Using Series Dilution in

Benzene; Dilution Factor = 100 /

Exascrimont .
Henber Tino Munber of Coloniag :
, ) AVerage
T 0 238 290 206 279 285.,5
| 1 327 235 259 283 281.3
2 204 277 28 | 251 259.3
3 236 268 248 201 253.9
l 207 27Lh -254  2L3 25046
T A5 256 238 25 27,5
10 . 276 245 221 2h? 216.0
11 0 280 281 276 310 286.0
1. 277 265 281 258 2720
2 237 284 276 310 25943
3 292 287 201 25} 27545
A 269 286 263 246 265.0
7 eké 255 231 258 2u7.h
10 247 257 251 258 253.3

ITI (control) O to 10 no colony was observed

* days
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Introductien

The objectives of the overall project are (1) to develop non-
sporicidal methods for solvent degradation of cured polymeric resins
that are used in spacecraft, and (2) to determine whether reaction
conditions during resin cure cause decontamination of the component
that is being fabricated. The previous reports described (1) the
application of solubility parameter methods to the degradation of amine
cured epoxy resins,l (2) the solubilization of cured silicone resins in
amine solvenl:as,z (3) spore viability studies on exposure to amine
solvents, which demonstrated that reduced viability reflected a sporo-
static effect which could be eliminated by removing the amine solvent
during the plating processz or by utilizing higher dilution techniques,’
and (4) recovery studies on a silicone potting compound (RTV 41) that
is used in spacecraft, which demonstrated that (a) spores remain
viable during chemical cure of this potting compound, and (b) greater
than 907 of the spore population is recoverable by amine dissolution
and proper plating techniques.! Thus, the reaulés to date directly relate
to our objectives. That is, we have developed a nonsporocidal method
with which high spore recoveries are achievable from silicone coatings
and potting compounds, and (2) we have demonstrated that spores
remain viable during cure of a silicone potting compound. The present
report describes an extension of these studies to silicone potting com-

pound RTV 60, as well ag our attempta to provide a sound statistical
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basis for the results by extensive sampling. In addition, we report the
results of our studies on viscosity charges following amine solubilization
of various silicones, as well as cross-linking density changes following
evaporation of amine solvents. Such studies have provided both
mechanistic and practical information about the amine solubilization
phenomenon.
Results and Discussion

As noted in the previous report, extension of the viability studies
to cured silicone potting compounds required the use of an organic
solvent for dilution. The cured silicone rubber was dissolved in n-butyl-
amine and recovery was determined by the plate counting technique with
series dilution in benzene. Of course, it was not possible to dilute the
butylamine -pilicone rubber solution with water because the silicone
precipitated. Benzene was selected because it has been reported to be
less toxic to spores than many other organic solvents” and because it
is a good solvent for the silicone rubbers. The use of beazene for series
dilution necessitated control experiments in the absence of silicone
rubber or curing agents. The results of spore viability studies on
(1) exposure to n-butylamine followed by dilution with water or benzene,
(2) exposure to water followed by dilution with water, and (3} exposure
to benzene followed by dilution with benzene are presented in Table 1.
The data is plotted in Figure 1 as log of mean spore counts versus days

of exposure. The numbers in the table and the points on the graph



represent the mean of coleny rounts from 29 plates, derived from 4
duplicates of 5 samples. The most salient feature ig the surprisingly
high and stable recovery on exposure to n-butylamine followed by
dilution with benzene. These results are currently uvider investigation
both at NDSU and the University of Minnesota under Dr. Pflug's
direction.

The resuits of studies on spore recovery from incculated silicone
potting compound RTV 60 following curing, dissolution in n-hutylamine,
and series dilution with benzene are presented in Table II. As previously
determined for RTV 41, the data illustrate that (1} decortamination does
not occur on curing, and (2) the method is effective for spore recovery-

The results of viscosity studies on n-butylamine solutions of silicone
oil (DC 200), silicone prepolymer (DC 840), and cured silicone polymer
{cured DC 840) are provided in Figure II. Only in the case of the cured
DC 840 solution does a substantial decrease in viscosity occur with time
which levels off at the viscosity of the prepolymer. These results
indicate that the cured resin is degraded and suggest that cleavage occurs
primarily at the centers at which cross-linking takes place in the curing
process. Based onthe mechanism for amine solubilization presented
in an earlier report (see p.8, scheme Il of ref.2), it was anticipated that
a significant number of these cross-linking sites would reform on
evaporation of the amine solvent. In support of this hypothesis, it was

determined by extraction techniques that 70% of the original cross-linked



sites were regencrated when the amine was removed under vacuum at
room temperature. These findings have suggeated exciting new
possibilities for (1) the recovery of silicone mcids and, (2) the silicone
coating of heat-sensitive materials. A report describing these findings
has been submitted for patent consideration to the appropriate NASA

office (Mr. J. Warden, Code GP).
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Tadle T lo. of colony counts of Bacilks subtilis opores aftor cxposure

to uwolvents and diluents for varying peoriods of days.

LN rend

g ST Yixo05ed. to g—bu'l',yi:minﬁ & diluted| Ixosed to ixyosed to
~ with Wiator M~ dll,., DHenzene M dil,
Daya “Mlenzone water with virter irith Henzene
0 R05.0 9h420 17,17 12,03
( 2.3118)" (1.971L) (2.1579) (1.1082)
1 251.95 45.30 8L.50 10.33
(2,1010) (1.6561) - (1.9269) (1.0139)
"2 252,10 I5.20 62475 12.50
(2.1021) (1.6551) (1.7G36) (1.0969)
3 252,10 3.5 50.75 6.53
(2.1022) (1.14975) (1.6995) (0.764L1)
e 217.75 23455 37.83 360%
(2.3375) (1.3738) (L.5777) (0.L335)
5 202,25 32.05
(2,30060) (1.5053)
6 213.10 13.53
(2.3285) (1,1399)
7 193,15 10,95
(2.2360) (1.003%)

# Means of the No. of colony counted from 20 plates (five samnles, each

samole has four dublicate)

#:Common logarithm of the means of the number of colony counted
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Table I  Golony Counts Obtained from n-Butylamine Solution of Inoculated

Silicono Potting Compound, RIV 60, Using Series Dilution in
Benzene; Dilution Factor = 100 ’

Exocriment -u- :
Tunber Time Mumber of Coloniecs \
. average
T 0 208 290 286 278 235.5
| 1 327 208 259 283 : 281,35
2 26L 277 2Ls | 251 25943
3 236 265 208 261 258,
L 267 27h  23h  2L8 26046
7 2Ls 236 238 251 2L7.5
10 276 245 221 2h? 20i6.0
I 0 280 281 276 310 236.3
| 1 . et 265' 281 288 : 278.0
2 237 284 276 310 239.3
3 292 287 281 23} | 27645
L 269 236 263 246 | 265,0
7 26 255 231 258 2uT.L
10 oh7 257 251 258 25343

TII (control) O to 10 no colony was observed

¥ days



Figure 11 Variation in Viscosity with Time for a Silicone Qil, a Silicone
Prepolymer (DC840), and a Cured Silicone Resin (cured DC840)
in n-Butylamine Solution. Cannon Viscometer, 50-1711 a2t 45°C.

—O—@—  Silicone oil (dimcthylpoly silozzane Lot No. AA5421
Dow Corring 200 fluid) 50% by volume in
-butylamme

-4 —4— DCB840, prepolymer in n-butylamine {78.50 g/l)

—*¥—X— DC840, cured in n-butylamine (78.50 g/1)

riflux Time {seconds)
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Introduction

The objectives of the overall project are (1) to develop non-
sporicidal methods for solvent degradation of cured polymeric resins
that are used in spacecraft, and (2) to determine whether reaction
conditions during resin cure cause decontamination of the component
that is being fabricated. The previous reports described (1)the
application of solubility par;meter methods to the degradation of amine
cured epoxy re.?.ir.ts,l {2) the solubilization of cured silicone resins in
amine sn‘:»hnani:ta,z (3) spore viability studies on exposure to amine
solvents, which demonstrated that reduced viability refilected a sporo-
static effect which could be eliminated by removing the amine solvent
during the plating ;n‘:cu’:essssz or by utilizing higher dilution techniquea,3
and (4) recovery studies on a silicone potting compound (RTV 41) that
is used in spacecraft, which demonstrated that (a) spores remain
viable during chemical cure of this potting compound, and (b) greater
than 907 of the spore. population is recoverable by amine dissolution
and proper plating techniques.s Thus, the rezults to date directly relate
to our objectives. That is, we have developed a nonsporocidal method
with which high spore recoveries are achievable from silicone coatings
and potting compounds, and (2} we have demonstrated that spores
remain viable during cure of a silicone potting compound. The present
report describes an extension of these studies to gilicone potting com-

pound RTV 60, as well as our attempts to provide a sound statistical



basgis for the results by extensive sampling. In addition, we report the
results of our studies on viscosity charges following amine solubilization
of various silicones, as well as cross-linking density changes following
evaporation of amine solvents. Such studies have provided both
mechanistic and practical information about the amine solubilization
phenomenon.
Resuits and Discussion

As noted in the previous report, extension of the viability studies
to cured silicone potting compounds required the use of an organic
solvent for dilution. The cured silicone rubber was dissolved in n-butyl-~
amine and recovery was determined by the plate counting technique with
series dilution in benzene. Of course, it was not possible to dilute the
butylamine-silicone rubber solution with water because the silicone
precipitated. Benzene was selected because it has been reported to be
less toxic to spores than many other organic solvents® and because it
is a good solvent for the silicone rubbers. The use of benzene for series
dilution necessitated control experiments in the absence of silicone
rubber or curing agents. The results of spore viability studies on
(1) exposure to n-butylamine followed by dilution with water or bhepzene,
(2) exposure to water followed by dilution with water, and (3) exxposure
to benzene followed by dilution with benzene are presented in Table 1.
The data is plotted in Figure ! as log of mean spore counts versus days

of exposure. The numbers in the table and the points on the graph



represent the mean of colony counts from 20 plates, derived from 4
duplicates of 5 samples. The most salient feature is the surprisingly
high and stable recovery on exposure to n-butylamine followed by
dilution with benzene. These results are currently uinder investigation
both at NDSU and the University of Minnesota under Dr. Pilug’s
direction,

The results of studies on spore recovery from incculated silicone
potting compound RTV 60 following curing, dissolution in n-butylamine,
and series dilution with benzene are presented in Table II. As previously
determined for RTV 41, the data iilustrate that (1)} decortamination does
not occur on curing, and (2)the method is effective for spore recovery.

The results of viscosity studies on n-butylamine solutions of silicone
oil (DC 200), silicone prepolymer {(DC 840), and cured silicone polymer
(cured DC 840) are provided in Figure II. Only in the case of the cured
DC 840 solution does a substantial decrease in viscosity occur with time
which levels off at the viscosity of the prepolymer. These results
indicate that the cured resin is degraded and suggest that cleavage occurs
primarily at the centers at which cross-linking takes place in the curing
process. Based on the mechanism for amine solubilization presented
in an earlier report (see p.8, scheme Il of ref.2)}, it was anticipated that
a significant pumber of these cross-linking sites would reform on
evaporation of the amine solvent. In support of this hvpothesis, it was

determined by extraction techniques that 709 of the original cross-linked



sites were regencrated when the amine was removed under vacuum at
room temperature. These findings have suggested exciting new
possibilities for (1) the recovery of silicone molds and, (2) the silicone
coating of heat-sensitive materials. A report describing these findings
has been submitted for patent consideration to the appropriate NASA

office {(Mr. J. Warden, Code GP).
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Table T Ho. of colony counts of Jacills zubtilis spores after cxpocure

to solvents and diluents for varying periods of duys.

I"‘*a q%?i'ol‘it?oscd. to g—but.yi;minﬁ & diluted| fxrosed to lzosed o
NG with Wator £ dil, Senzene & dil.
Days MlenzZeno water with vihter with Henzene
0 2050 wae 914,20 17,17 12,83
( 2.3118)" (1.971L) (2.1579) (1.1082)
1 251.95 L5 .30 8L450 10.33
(2.1010) (1.6561) - (1.9269) (1.0139)
"2 252,40 h3.20 62.75 12,50
(2.4021) {1.6551) 1,7336) (1.0969)
3 252,010 3145 50475 G.53
(2..021} (1.L978) (1.6996) (0.760L1)
L. 217.75 23,55 37.83 305
(2.3375) (1.3738) (L.5777) (0.4336)
5 202,25 32,05
(2.3060) - (1.5058)
6 213.10 13,52
(2.3236) (1.1399)
7 193418 10,95
(2.2869) (1.,003%)

% Jeans of the No. of colony counted from 20 plates (five samples, each

sarole has four dublicate)

sCommon logarithm of the means of the number of colony counted
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Table I = Colonv Counts Obtained from n-Butylamine Solution of Inoculated

Silicone Potiing Compound, RTY 60, Using Series Dilution in

' !
Benzene; Dilution Factor = 100 !

Doeriment «
thamber : Time Mumber of Colonies \
averapge
T - o 280 290 286 270 | 235.5
| 1 327 238 259 283 28143
2 264 277 28 | 251, 25943
3 256 268 248 201 253,
L 207 27 254 2L 25046
7 245 236 238 231 2L7.5
10 276 245 221 oh? 2460
T 0 280 281 276 310 2086.0
1. camr 265 281 288  272.0
2 237 28 276 310 239.3
3 292 287 201 234 275.5
L 269 236 263 26 265.0
7 2b6 255 231 258 217.L
10 247 257 251 258 2533

ITI (control) O to 10 no colomy was observed

¥ days -
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Figurc 11 Variation in Viscosity with Time for a Silicone Cil, a Silicone
Prepolymer (DC840), and a Cured Silicone Resin {cured DC 840)
In n-Butylamine Solution. Cannon Viscometer, 50-1711 at 45°C.

—O—06— Silicone oil {dimethylpoly siloxane Lot No. AA5421
Dow Corning 200 fluid) 50% by volume in
n-butylamine :

~-A—4- DCB840, prepolymer in n-butylamine (78.50 g/1)

—¥——X— DCB840, cured in n-butylamine (78.50 g/1)

Minutca after Mixing n--*l}utvl:\n\inn and Silicane
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Introduction

The objectives of the overall project are (1) to develop non-
sporicidal methods for soivent degradation of cured polymeric resins
that are used in spacecraft, and (2) to determine whether reaction
conditions during resin cure cause decontarnination of the component
that is being fabricated. The previous reports described (1) the
application of solubility parameter methods to the degradation of amine
cured epoxy J:esina.1 (2) the solubilization of cured silicone resins in
amine .e:c:»lvem‘.ss.z (3) spore viability studies on exposure to amine
solvents, which demonstrated that reduced viability reflected a sporo-
static effect which could be eliminated by removing the amine solvent
during the plating 1:xrm:eas.r.~:z or by utilizing higher dilution techniques,"’
and (4) recovery studies on a silicone potting compound (RTV 41) that
is used in spacecraft, which demonstrated that (a) spores remain
viable during chemical cure of this potting compound, and (b) greater
than 907 of the spore population is recoverable by amine dissolution
and proper plating t(—:e-:hniques.3 Thus, the results to date directly relate
to our objectives. That is, we have developed a nonsporocidal method
with which high spore recoveries are achievable from silicone coatings
and potting compounds, and (2) we have demonstrated that spores
remain viable during cure of a silicone potting compound. The present
report describes an extension of these studies to silicone potting com-

pound RTV 60, as well aa our attempts to provide a sound statistical
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basis for the results by extensive sampling. In addition, we report the
results of our studies on viscosity charges following amine solubilization
of various silicones, as well as cross-linking dengity changes following
evaporation of amine solvents. Such studies have pravided both
mechanistic and practical information about the amine solubilization
phenomenon.
Results and Discussion

As noted in the previous report, extension of the viability studies
to cured silicone potting compounds required the use of an organic
solvent for dilution. The cured silicone rubber was dissolved in n-butyl-
amine and recovery was determined by the plate counting technique with
series dilution in benzene. Of course, it was not possible to dilute the
butylamine~silicone rubber solution with water because the silicone
precipitated. Benzene was selected because it has been reported to be
less toxic to spores than many other organic solvents® and because it
is a good solvent for the silicone rubbers. The use of beazene for series
dilution necessitated control experiments in the absence of silicene
rubber or curing agents. The results of spore viability studies on
(1) exposure to n-butylamine followed by dilution with water or benzene,
(2) exposure to water followed by dilution with water, and (3) exposure
to benzene followed by dilution with benzene are presented in Table 1,
The data is plotted in Figure 1 as log of mean spore counts versus days

of exposure. The numbers in the table and the points on the graph



represent the mean of colony rounts from 290 plates, derived from 4
duplicates of 5 samples. The most salient feature is the surprisingly
high and stable recovery on exposure to n-butylamine followed by
dilution with benzene. These results are currently under investigation
both at NDSU and the University of Minnesota under Dr. Pflug's
direction.

The results of studies on spore recovery from incculated silicone
potting compound RTV 60 following curing, dissolution in n-butylamine,
and series dilution with benzene are presented in Table II. As previously
determined for RTV 41, the data illustrate that (1) dezortamination does
not occur on curing, and (2) the method is effective for spore recovery.

The results of viscosity studies on n-butylamine solutions of silicone
oil (DC 200), silicone prepolymer (DC 840}, and cured silicone polymer
(cured DG 840) are provided in Figure II. Only in the case of the cured
DC 840 solution does a substantial decrease in viscosity occur with time
which levels off at the viscosity of the prepolymer. These results
indicate that the cured resin is degraded and suggest that cleavage occurs
primarily at the centers at which cross-linking takes place in the curing
process. Based on the mechanism for amine solubilization presented
in an earlier report (see p.8, scheme II of ref.2), it was anticipated that
a significant number of these cross-linking sites would reform on
evaporation of the amine solvent. In support of this hypothesis, it was

determined by extraction techniques that 70% of the original cross-linked
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sites were regencrated when the amine waa removed under vacuum at
room temperature. These findings have suggested exciting new
poseibilities for (1)the recovery of silicone melds and, (2) the silicone
coating of heat-sensitive materials. A report describing these findings
has been submitted for patent consideration to the appropriate NASA

office (Mr. J. Warden, Code GP).
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Table T lo. of colony counts of DBacilhis subtilis spores aftor cxposure

to solvents and diluents for varying periods of diays.

Biixoosed to r_;-butyi:minﬁ! & diluted| Roosed to lxhosed to
with wabor M dil. Jonzone O dil,
Denzone Water with vinter wlth Benzene
2050 9L.20 17,17 12,03
( 2.3118)" (1.9714) (2.1579) (1.1582)
251.95 45 .30 8l.50 19433
(2.1,010) (1.6561) - (1.9269) (1.0132)
252,10 1h5.20 60.75 12.50
(2.,1021) (1.6551). 1,7536) (1.0969)
252,010 31.h5 50.75 Geb3
(2.022) (1.L975) (1.6996) (0.7541)
217.75 23405 37.83 3.03",
(2.3375) (1.3738) (L.5777) (VMIRERY
202,25 32,05
(2,30060) (1.5058)
213.10 13,39
(2,32808) (1.2399)
193,15 10.95
(2.28360) (1.0039) _

s+ Means of the lNo. of colony counted from 20 plates (five samnles, each
sarple has four dublicate)

s3:Common logarithm of the means of the number of colony counted
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Table II  Colony Counts Obtained from p-Butylamine Solution of Incculated

Silicono Potting Gompéund, RTY 60, Using Series Dilution in
i 1
Benzene; Dilution Factor = 106 !

Doeriment
Yumber Time" ramber of Colonies ‘
_ ‘ Averoga
I 238 290 286 279 235.5
o 1 327 238 259 283 . 281.3
2 2 emr AS /1 259.3
3 256 268 _2&8 2061 255.9
L 267 27 25k 2k8 2606
7 245 236 238 2351 2L7.5
10 276 245 221 2k 216,90
11 0 280 281 276 310 2368
| v . cerm 265 281 288 272.0
2 287 28, 276 310 289.3"
3 292 287 281 25k 275.5
b 269 236 263 2M6 265.0
7 2l6 295 231 258 2470
10 247 257 251 258 - 253.3

III (control) O to 10 no colony was observed

* days
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Figure 1l Variation in Viscosity with Time for a Silicone Qil, a Silicone

Prepolymer (DC840), and a Cured Silicone Resin (cured DC 840}
in n-Butylaminc Solution. Cannon Viscometer, 50-1711 zt 45°C.

—O©—0— Silicone oil {dimcthylpoly siloizane Lot No. AA5421
Dow Corning 200 fluid) 50% by volume in
n- bul:ylamme

-A—4— DCB840, prepolymer in n-butylamine (78.50 g/1)

DC840, cured in n-butylamine (78.50 g/1)
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